Abstract. 2014 We investigate the dynamics of the undulation mode (displacement of wave vector q parallel to the layers) in swollen lamellar phases. We calculate the dispersion equation of this mode for all wave vectors, from small q to high q (compared with the inverse of the layer spacing). We then calculate the static structure factor for scattering wave vectors Q parallel to the layers over the whole Q-range and also the dynamic structure factor at high Q.
Some amphiphilic solutions in water or oil (or possibly both) may give lamellar phases, i.e. solutions of periodically stacked bilayers [1] , under certain conditions (concentration, temperature, salinity, presence of a cosurfactant...).
These mixtures present typical defects (focal conic textures) which are characteristic of a quasi-long range smectic order. They can often be swollen by addition of solvent [2] , and the smectic period (d) then becomes much larger than the thickness (e) of the bilayers (d » e).
The structure and stability of these swollen phases are now well understood. Their properties are basically controlled by kc, the rigidity modulus of the bilayers, and by the steric interaction induced by the thermal undulations of the layers. For large scale displacement fluctuations (» d), the steric interaction essentially acts like an harmonic interaction characterized by an equivalent smectic compressibility modulus Bst [3] , and the static structure factor as measured by X-ray or neutron scattering is therefore well understood in the vicinity of the Bragg peak QB [4] and also at very small Q when considering concentration fluctuations associated with the fluctuations of the interlayer spacing [5] . Still in the low q limit, the hydrodynamics of all deformation modes of such binary smectics has been investigated in detail [6] , allowing a complete quantitative treatment of dynamic light scattering data.
In this paper, we focus on displacement modes having a wave vector q parallel to the layers (q z = 0, q 1-= q ). We use a local formalism to investigate the hydrodynamics of such modes and so obtain the dispersion relation for all values of q.L. We then calculate the static and dynamic structure factors S( Q 1-) and F (Q.L , t ) for scattering wave vectors Q parallel to the layers (Qz = 0, Q1-= Q ) as could be measured by X-ray or neutron scattering using well oriented mono-cristalline samples. In opposition to light, these radiations are not sensitive to the local anisotropy of the bilayers. Their interaction with pure undulations are therefore non linear through the concentration fluctuations associated with the local tilt of the bilayers. In spite of the complications brought in by this non-linearity, the static structure factor can be calculated at all Q, but the dynamic structure factor is obtained in the high Q limit only.
Hydrodynamics.
We denote the average spacing between the bilayers by d. The x, y plane is the plane of the bilayers. The significant displacement fluctuations are in the z direction and are characterized by the displacement function Un (x, y) for the n-th layer (see Fig. 1 ). The origin of the coordinates (x, y, z ) is on the Oth lamella.
In this section, we calculate the hydrodynamic relaxation time of a sinusoidal displacement mode of the wave vector q parallel to the layer planes (qZ = 0, q = q 1-= qx). The medium is assumed to be uncompressible and isothermal (i.e. the high frequency sound waves and the thermal effects are ignored). This is reasonable since sound waves have sufficiently high frequencies to relax faster than undulations and then not to couple with them (see reference 6 for details), and since temperature and undulation fluctuations are statistically independent [7] . where v is the local velocity of the solvent, p and v are the density and the kinematic viscosity of the solvent, and P is the local pressure of the solvent.
The boundary conditions are, assuming that the lamellae have no thickness (i.e. the solution is dilute enough) and that the displacement amplitude is small in comparison with the wave length :
with v" the velocity field between the n-th and the (n + 1 )-th lamellae.
kc being the rigidity modulus of the lamella, the elastic energy density is (8) :
Then, 0" being the mass of the layer per unit area and Pn the pressure field between the n-th and the (n + 1 )-th lamellae, the motion equation of the n-th lamella is :
Using equation (1), (8) Equations (4) to (7) and (9) consistently with the low-q prediction in reference [6] The limit qd » 1 is : w is independent of d, which is consistent with the fact that the high q limit corresponds to local (free-lemalla) behaviour [9, 10] .
Static X-ray/neutron scattering.
We here calculate the neutron or X-ray intensity scattered in the direction of the layers. These radiations are only sensitive to local concentration fluctuations (and not to the local anisotropy of the bilayers). Then [11] :
where c is the local concentration and the brackets indicate thermal average.
Since 6z = 0, to integrate over z simply corresponds to project the lamella onto the (x, y ) plane : where the integration runs over the thickness e of each bilayer. So finally :
where co is the local concentration and 0 the tilt angle between the local director and the zdirection (see Fig. 2 ). co is related to the interlayer spacing through co = 2d-1 a-2 where a2 is the area per polar head. We shall keep for simplicity the integral notation instead of discrete summation over the lamellae.
The director is :
where u(x, y) is the local displacement of the lamella. We have :
in the case of small amplitude fluctuations compared to wave length, which is always verified [8] . The constant term gives a 8 function ; we shall forget it :
we use the Fourier transform :
then :
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The index 1 means a projection of q on the q X' q Y plane.
The integration gives V&#x26; (q + q 1 + Q) =&#x3E; q 1 = -q -Q (V is the volume of the sample).
Then :
The summation is performed over the 3 directions of the reciprocal space. We observe that I(Q) is strongly non-linear, since it couples all deformation modes.
Only the terms of the form (uq u_ q uq, u_ q, ) give non-zero thermal average (bracket). We have 2 cases : 1) q2 = q which gives terms of the form :
2) q2 = -Q -q which gives similar terms Finally :
We have for smectic A phases [8] :
K is the smectic rigidity ; it is related to the lamella rigidity through K = kc/d. B is the smectic compressibility. The function f is shown in figure 3 . Let us now focus on the limiting cases : I f y « 1, which means Qd » 1, we have f ( y ) = ay(a = 11,3). Then :
The smectic rigidity is related to the lamella rigidity by K = kc/d. Then, using co = 2 we obtain in the high Q limit : da 2 We note that I (Q ) is independent of the interaction parameter È and is proportional to the number of lamellae in the sample (i.e. to d-1), which is indeed expected in the high Q limit, where we expect a free-lamella behaviour. We then have in the low Q limit : 1 (Q) is therefore a constant in the low-Q limit. For the sake of comparison with the predictions obtained in references [12] , we interprete formally 1 (Q) in this range in terms of an equivalent compressibility x: where N is the number of surfactant molecules in the sample : N = 2 V (e is the thickness of ea2 the bilayer).
Equation (11) Finally, the dynamic intensity has also been calculated in the high Q régime : it is monoexponential and defines a relaxation time T which is the one calculated in the hydrodynamic theory for the pure undulation mode of wave vector q = Q.
